Introduction
============

To plan the optimum treatment, it is mandatory to assess the precise local and systemic staging of newly diagnosed prostate cancer (PCa). Risk stratification is performed on the basis of a number of pre-treatment parameters, including digital rectal examination (DRE) findings, prostate-specific antigen (PSA) level, and Gleason Score (GS) grading of biopsy findings. Current guidelines recommend MRI, computed tomography (CT), and bone scintigraphy for the staging of PCa to guide treatment options. However, the limitations of these tools may result in inaccurate information, which may lead to under-staging and under-treatment. According to the European Association of Urology guidelines 10--12 core systematic transrectal ultrasonography-guided prostate biopsy (TRUSBx) is the standard of care for the primary diagnosis and risk stratification of prostate cancer [@R1]. However, it has been reported that 20--30% of clinically important cancers are missed because of anterior or apical localization, leading to inaccurate grading and staging [@R2]--[@R4]. Although the use of pre-biopsy multiparametric MRI (mpMRI) increased the accuracy, the benefit was limited to the re-biopsy subgroups [@R5]--[@R7].

Molecular imaging with Ga-68-labeled prostate-specific antigen inhibitors (PSMA) positron emission tomography (PET/CT) has been one of the critical steps forward in practicing individualized medicine in prostate cancer management [@R8]--[@R10]. ^68^Ga HBED-CC PSMA has been suggested as a novel tracer that can detect prostate cancer relapses and metastases with high contrast by targeting PSMA [@R11],[@R12]. PSMA is a type II transmembrane glycoprotein with high expression by prostatic cancer cells [@R13],[@R14]. The expression of PSMA was found to be low or moderate in normal or hyperplastic prostatic tissue and high in primary adenocarcinomas [@R15]. Furthermore, it has also been shown that the intensity of PSMA expression is increasing as the tumor grade increases and the uptake of ^68^Ga-PSMA, defined as maximum standardized uptake value (SUVmax), may differentiate the malignant from the benign lesions with a high accuracy, which may guide the site of biopsy decrease false-negative biopsy results [@R16]. In a recent immunohistochemical study, which evaluated the correlation between the SUVmax values and PSMA expression in tissue samples, it was shown that the tracer uptake directly correlates with the intensity of PSMA expression, but not with the GS [@R17]. However, Uprimny *et al*. [@R18] have reported that the intensity of tracer uptake within the primary tumor correlated with the GS and PSA level. Moreover, they have analyzed the tracer uptake and SUVmax values with GS obtained from biopsy specimens, but not from the final whole gland pathology from radical prostatectomy.

The aim of the present study was to evaluate the correlation of preoperative tracer uptake to GS obtained from a definitive pathology report in patients who underwent radical prostatectomy and had a ^68^Ga-PSMA PET/CT performed for primary staging.

Patients and methods
====================

Patients
--------

We retrospectively evaluated the files of 141 patient who had ^68^Ga-PSMA PET/CT imaging for the purpose of primary staging and who underwent radical prostatectomy. All patients had a diagnosis of prostate cancer on the basis of 10--24 cores TRUS-Bx. As a tertiary center, many patients had been referred from other institutions; thus, biopsy reports did not have uniformity. However, the final pathology reports after radical prostatectomy were obtained from 4 different referral centers and had a consistent documentation. All patients were subjected to a histopathology analysis of biopsy and final postoperative tissue specimens. In addition to the Gleason scoring system, grade groups are reported according to The 2014 International Society of Urological Pathology [@R19] Consensus, which was later on adopted by the WHO for the 2016 edition of Pathology and Genetics: grade group 1 (GS ≤6), grade group 2 (GS 3+4=7), grade group 3 (GS 4+3=7), grade group 4 (GS 4+4=8, 3+5=8, 5+3=8), and grade group 5 (GS 9--10). For analysis, GRADE GROUPS are used to underline the clinical significance of GS 3+4 and 4+3. All patients had a PSA level measurement within maximum of 28 days before a ^68^Ga-PSMA scan. The study was carried out in accordance with the Helsinki Declaration and its later amendments. Written consent was obtained from all patients in accordance with our institution rules.

Image acquisition
-----------------

After the preparation and quality control of the radiotracer, all patients received 113--384 MBq (mean: 215.3±67.2 MBq, \<2 nmol PSMA ligand) of ^68^Ga-PSMA-11 according to the yield of the radiolabeling. Whole-body images were acquired 45--60 min p.i. of radiotracer using either of two integrated PET/CT scanners: Biograph 6 (Siemens, Knoxville, Tennessee, USA) or Discovery PET-CT 710 (GE Healthcare, Milwaukee, Wisconsin, USA). The patients were placed on the scanner table in a supine position and a CT transmission scan without intravenous contrast enhancement was acquired with a low tube current (130 kVp, 48--76 mAs), a slice thickness of 4.0 mm, 0.6 s gantry rotation, and a collimator width of 6×3 mm. Then, PET emission scanning with a duration of 3 min per bed position was performed with the identical transverse field of view in the caudocranial direction. For attenuation correction, CT transmission images were used and an iterative method was used for image reconstruction.

Image analysis
--------------

PET images were reviewed using Advantage Workstation (Version: 4.6; GE Healthcare). Region of interests were drawn manually around the prostate gland, avoiding the bladder activity, to calculate the maximum SUV (SUVmax) values. A segmental analysis of the prostate gland was not carried out. The highest SUVmax value from the whole prostate gland was assumed to be the highest site of PSMA expression and recorded for further evaluation. The scope of the study was restricted to primary tumor uptake and its correlation to GS in pathology reports; thus, we did not evaluate other ^68^Ga-PSMA PET/CT findings.

Statistical analysis
--------------------

All results were expressed as median and mean±sd. For statistical analysis, dedicated statistical software was used (SPSS, version 21; SPSS Inc., Chicago, Illinois, USA). For comparison of the results, a nonparametric Mann--Whitney *U*-test was used. For the correlation of different parameters, a Pearson correlation test was used. Grade group results were compared using the chi square test. Receiver operation characteristic curve analysis was carried out to calculate sensitivity and specificity. All tests on statistical significance were performed as two tailed and a *P* value lower than 0.05 was considered significant.

Results
=======

There were 141 patients, mean age 64.6±6.9 years, and ranged in age from 54 to 86 years (median: 65 years) (Table [1](#T1){ref-type="table"}). The mean PSA value for all patients was 18.1±20.9 ng/ml, ranging from 1.8 to 128 ng/ml, with a median value of 10.0 ng/ml. PSA values for low-risk patients were significantly lower than those of high-risk patients, which were 12.8±14.3 and 23.0±24.5 ng/ml, respectively (*P*\<0.001). There was no correlation between PSA values and Grade groups of the tumor (Pearson's *ρ*=0.26). The median PSA values are presented in Table [1](#T1){ref-type="table"}.
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Patient data of age, prostate-specific antigen level, and SUVmax values according to grade groups obtained from biopsy results and definitive pathology results after prostatectomy
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There were 37 (26%) patients in grade group 1, 41 (29%) patients in grade group 2, 31 (22%) patients in grade group 3, 19 (13%) patients in grade group 4 and 13 (9%) patients in grade group 5 according to pre-operative biopsy reports. In terms of Gleason sum, there were 37% upgrade and 2% downgrade following radical prostatectomy. When we compared the pathology reports of prostatectomy specimens with the biopsy results, we observed 49% changes in grade groups, which was significant (*P*\<0.001). There were 1 level upgrade of grade groups in 43 patients, 2 level upgrade in 12 patients, 3 level upgrade in two patients, and 4 level upgrade in one patient \[total 58 (41.1%) patients\] (Table [1](#T1){ref-type="table"}). We also observed 1 level downgrade in 10 patients and 3 level downgrade in one patient \[total 11 (%7.8) patients\]. Following radical prostatectomy, 21% (*n*=16) of patients moved from a low-risk level (grade groups 1+2) to a high-risk level (grade groups 3+4+5) and 10% (*n*=6) of patients moved from a high-risk level to a low-risk level. If we look closely at the PSMA PET images of subgroup of patients who were moved from low-risk to high risk group, the SUVmax cut-off of 9.1 would have predicted upstage in 10 out of those 16 (62.5%) patients.

The mean SUVmax value was 13.2±11.7, with a median of 8.8, ranging from 2.1 to 62.4. The SUVmax values according to grade groups are presented in Table [1](#T1){ref-type="table"} and representative ^68^Ga-PSMA PET/CT fusion images for each grade group are presented in Fig. [1](#F1){ref-type="fig"}. There was a moderate correlation between the SUVmax values and grade groups (Pearson's *ρ*=0.50) (*P*\<0.001) obtained from biopsy reports while a strong correlation observed between SUVmax values and grade groups obtained from the final pathology reports (Pearson's *ρ*=0.66) (*P*\<0.001) (Fig. [2](#F2){ref-type="fig"}). The mean SUVmax value for grade group 3 tumors was 13.3±8.5 and it was significantly higher than grade group 2 tumors, which was 7.4±4.6 (*P*\<0.001). The mean SUVmax values of high-risk patients according to the final pathology reports were significantly higher than those of low-risk patients, which were 18.9±12.1 and 7.16±6.2, respectively (*P*\<0.001) (Fig. [3](#F3){ref-type="fig"}). Receiver operation characteristic curve analysis of SUVmax (area under curve=0.85, 95% CI: 0.79--0.91) showed a cut-off value of 9.1, yielding a sensitivity and a specificity of 78 and 81%, respectively.

![Representative Ga-68-PSMA PET/CT fusion images for each grade group. Maximum standardized uptake values (SUVmax). PSMA PET/CT, prostate-specific membrane antigen positron emission tomography/computed tomography.](mnm-40-86-g002){#F1}

![Box plot display of SUVmax values according to grade groups obtained from pathology reports after radical prostatectomy (RP). Pearson Pearson *ρ* 0.66 (*P*\<0.001).](mnm-40-86-g003){#F2}

![Box plot display of SUVmax values of patients with low-risk (grade group 1 and 2) and high-risk (grade groups 3, 4 and 5) prostate cancer according to pathology reports after radical prostatectomy (*P*\<0.001). GG, grade group.](mnm-40-86-g004){#F3}

Discussion
==========

After the introduction of PSA screening, the number of patients who were diagnosed with low-grade indolent prostate cancer increased significantly [@R20]. Many of these patients are considered to be candidates for close follow-up rather than a radical treatment, which may have critical consequences like urinary, sexual and bowel dysfunction [@R21]--[@R23]. Unfortunately, the inconsistency between the biopsy Gleason scores and the pathology Gleason scores is well known [@R2]--[@R7]. In agreement with the previous reports, we observed a 21% upgrade to grade group 3 or higher after radical prostatectomy that was initially reported to be grade group 1 or 2 in biopsy reports. Using a cut-off value of 9.1, PSMA PET predicted those patients with a rate of 62.5% (Fig. [4](#F4){ref-type="fig"}). Estimation of clinically important upstaging at this rate may have a significant value for initial treatment planning, and may enable prediction of outcome.

![Ga-68 PSMA PET/CT scan of a 72-year-old patient who had a grade group 1 PCa. The PSA level was 12.5 ng/ml and SUVmax was 9.22. After prostatectomy, his grade group was found to be 3. PSA, prostatespecific antigen; PSMA PET/CT, prostate-specific membrane antigen positron emission tomography/computed tomography.](mnm-40-86-g005){#F4}

The expression of PSMA was found to be low or moderate in normal or hyperplastic prostatic tissue and high in primary adenocarcinomas [@R24],[@R25]. The radiotracer uptake was found to be high within the primary tumor, yielding high SUVmax values, and could be delineated easily from the normal prostatic tissue with high lesion contrast compared with normal tissue uptake. In a recent article, Woythal *et al*. [@R17] have shown that SUVmax of primary cancer was significantly higher than normal prostate tissue and SUVmax significantly correlated with PSMA expression in the primary tumor, which enables the detection of prostate cancer with very high sensitivity and specificity. Similarly, Rahbar *et al*. [@R16] have shown that the uptake of the tracer strongly correlates with the primary tumor, and may predict intraprostatic tumor location even in low-grade tumors. Rhee *et al*. [@R26], in a prospective study with 20 patients, compared mpMRI findings and ^68^Ga-PSMA PET/CT and found that use of PSMA PET/CT imaging in the pre-biopsy setting would improve the local staging of the patients who are undergoing radical prostatectomy. These findings may have an important implication and the site of increased uptake may potentially serve as a target for biopsy in conjunction with mpMRI.

Moreover, it has also been shown that the intensity of PSMA expression increases as the tumor grade increases [@R14]. In agreement with this finding, initial reports have shown higher SUVmax values in higher GS 8 and 9. In a preliminary report of 6 cases, the authors have suggested that uptake of ^68^Ga-PSMA, defined as SUVmax, may differentiate the malignant from the benign lesions with high accuracy [@R16]. Moreover, they suggested that a pre-biopsy ^68^Ga-PSMA PET/CT scan might guide the site of biopsy to decrease false-negative biopsy results. Uprimny *et al*. [@R18] have reported that SUVmax values of primary tumor correlated with the GS and SUVmax values of grade groups 1, 2, and 3 were significantly lower than grade groups 4 and 5. They did not find any difference between grade groups 2 and 3. However, their study was carried out according to the biopsy results, which may not reflect the actual grade group as in our series, 12 of 42 (29%) patients upgraded from grade group 2 to grade group 3. In our patient cohort, SUVmax values were significantly higher in grade group 3 compared with those of grade group 2, which were confirmed with the final pathology report. This finding suggests that the level of the SUVmax value may potentially predict clinically significant cancer.

This study has limitations because of its retrospective nature. Furthermore, we did not carry out a segmental analysis of the pathology specimens and the accumulation sites of the tracer in the ^68^Ga-PSMA PET/CT scan. Instead, we used the highest SUVmax value throughout the prostatic lesions and compared with the grade group. Although we are aware that some tumors may not express PSMA and may not show tracer accumulation, it is well documented that uptake of the tracer is significantly correlated with PSMA expression and grade groups of the tumor [@R16]--[@R18]. However, a prospective study is essential to understand the value of tracer uptake and prediction of clinically significant cancer.

Conclusion
==========

In conclusion, SUVmax values correlate significantly with the Grade Group of the primary tumor. The intraprostatic accumulation sites of the radiotracer may predict clinically significant cancer, and may potentially serve as a target for biopsy sampling in conjunction with mpMRI in selected patients. However, prospective studies are needed to determine the value of tracer uptake sites as a guide to sampling.
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